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This invention relates to an apparatus and process for
separating materials and more particularly to an’ appa-
ratus and process for separating the constituents of a
water-oil mixture containing fine solid material.

In fluid catalyst processes it is customary to separate
the gaseous product from fine solid catalyst particles sus-
pended therein by separating means such as cyclone sep-
arators. These separators remove the bulk.of the catalyst
particles from the product but: there usually remains a
small amount of catalyst fines in'the product which must
be removed in some other way. The reactor efftuent in
the fluid catalyst Fischer-Tropsch process is a gaseous
mixture of hydrocarbons, water vapor, and oxygenated
organic compounds having suspended therein solid cata-
Iyst fines which cannot be entirely removed in the cyclone
separators.

The condensed reactor effluent usually will comprise
an oil phase, -an emulsion, a water phase,.-and dispersed
solid: catalyst fines. The oil and ‘water layers can ‘be
separated from the condensate as by :decanting, but -a
-serious separation problem is presented by the -emulsion.
This emulsion appears to be stabilized by the -dispersed
catalyst fines and by -other substances in the product-and
will separate only very slowly on standing.

It might be possible to remove the solid fines by
‘scrubbing the total reactor effluent before -condensing:it.
‘However, this would require .a-very large--and- expensive
-scrubber ‘operating -at-essentially .reaction :pressure .and
-high -téemperatures and ‘means such--as a :high- pressure
‘filter -would have to be provided-to remove-catalyst fines
-from-the scrubbing medium.. .Moreover,- the scrubber
-could ‘only ‘separating solids -from. .gases so .that the
scrubbed gaseous product after being condensed;.although
free -of solids, would still contain a-.mixture .of hydro-
carbons, -water -and- oxygenated products -which -usually
would-form:a. diﬁicultly :separable : emulsion - that . would
‘have .to be-treated in-additional equipment:to- break the
emulsion.

The equipment requirements-of .the prior.art.method
-of separation -would not:be :diminished appreciably by

filtering the condensed:reactor. effluent, for.the reason that .

a-filter .of .excessively large . capacity would .be. required
-to-handle the entire product. -Also.the filtrate would.con-
-tain- the -water-oil- emulsion. so:that-further equipment to
separate-the emulsion -would be required.

The present-invention.overcomes .the: above-mentioned
‘problems .and provides for separation. of a water-oil emul-

sion-having solid:fines. dispersed therein.into several. parts .

—water and -water-soluble . substances, oil .and oil-soluble
_substances, - catalyst fines and,-in one-embodiment of my
process, - oil-soluble” acidic. materials. The separation .is
accomplished.in a vesseél which. can. handle product from
several reactors-so that- equipment.:and operating costs
are greatly lowered. As-an.additional advantage the.in-
vention provides.for continuous-separation-of-the reactor
-effluent -with- a continuous charge of material to be-sep-
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In general, my invention comprises a method of sep-
arating the constituents of a water-oil emulsion contain-
ing solid fines'in which the emulsion is charged to a water-
mixing zone. At the samt time; a relatively large volume
of water'is flowed downwardly through the same water-
mixing’ Zone" at a rate which is' slower than the rate of
gravimetric: separation of ‘the water and oil phases of the
emulsion  when the’ emulsion’ is broken. As a result, theé
erulsion is’ broken; the oil phase' rising' upwardly, and
the watsr phiase with: the fines flowing downwardly to be
withdrdwn' dt the bottom of the water-mlxmg zone and
separated in any stitable:manner.. The rising oil is with-
drawn from the top of the water-mixing zone.

In:one embodiment of my method the oil phase from’
the water-mixing zone: rises upwardly into a caustic-mix-
ing-zone: An aqueous caustic solution is flowed down-
wardly through: the caustic-mixing zone at a‘ rate slower
than: the rate of gravimeétric separation of the aqueous
caustic solution and: the' démulsified oil phase which: is
rising. therethrough: The rising oil is’ withdrawn' from
the upper end-of the caustic-mixing zone and caustic solu-
tion and substances reacted or dissolved with the caustic
are withdrawn froin the lower end of the caustic-mixing
zone.

In addition; my invention- provides an’ apparatus for
accomplishing the method .of separation described above:

" The apparatus has a water-mixing section in its lower
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~mixing:section.

portion-and a-caustic-mixing section in its upper portion.
These’ sections- are-sepatated by -a caustic-drawoff plate
and- are" connected- by a -riser through- which fluids: can
flow from the- water-mixing section to the caustic-mixing
section... The water-mixing section is provided with charge
inlet ;means, -water inlet -means, and- water outlet medns.
The-caustic-mixing- section is-provided with caustic inlet
means-and .oil outlet means at-its upper end-and- caustic
:outlet means:at-its lower end.

The features and-advantages of the .invention will be
described with reference to the accompanying- drawmgs

.of which Flgure 1 shows somewhat diagrammatically -and

npartially .in section .one- speclﬁc form .of apparatus em-
bodymg the features.of the invention and in which my.

,proaess may be. conducted Figure 2 shows a modxﬁca—

tion of-a,portion.of the apparatus
Flgure 1 .shows .a separatlon vessel having .a wates-
m1x1ng section 1 in its lower portion and a .caustic-

mixing section 2 in its ypper. portion. The water-mixing
seéction’ is characterized by .a relatively large horizontal

ross-séctional area for its’ particular-volume. The two

.sections of the separation wessel are separated by a canstic

drawoff plate' 3.and are’. con'ne'cted by an oil riser. conduit
4.

The sépdration -vessel is .provided with a nomber of
inlet and. .ottlet lines, the proper relative positioning of
which is essential for  the .siccessful operation: of my
process. ‘The. witer-mixing. section" 1 is provided with

_charge inlet means, lines*5_and 5’, and water inlet means,

lines 6 and’ 6. The water _inlet lines for best results
should ‘be near the” upper.end of the water-mlxmg section.
A comcal or convex bottom in the water-mixing section,

60 fhavmg a“cenitral onflet 77;.provides means for w:thdraw-

ing waterand solids and conductmg the mixture to.suit-
able equipment; not shown in the drawing, where the

“Watér and: sohds are separated as by decanting or filter-
ing.-

“The riser 4 leadmg to‘caustic-mixing: section 2 is closed

-atiits upperiend to impede the ‘entrance of downflowing
liquids+from’ the caustic-mixing secticn, and- has perfora-

tions'$ through which the rising oil flows into thecaustic-
The - caustic-mixing:section is provided

~with:aicaustic \inlet:line 9 :at-its ‘upper end and a:caustic
outlet line 10 at:its:lower-end.- The caustic outletiline
-10:Jeaves: the -caustic-mixing:section. at-a level below the




upper end of the riser conduit 4 and just above the
caustic drawoff plate 3. At the upper end of the caustic-
mixing section is an oil outlet line 11 through which oil
rising in the caustic-mixing section is removed.. The
caustic-mixing section preferably is provided with a per-
forated packing support-12-on which is carried suitable
inert packing such as Raschig rings 13.

Figure 2 shows an alternative structure -for the oil
riser conduit. In this modification the water-mixing sec-
tion 1 and the caustic-mixing section 2 are separated by a
caustic drawoff plate 3 which is positionsd at the top of a
reduced diameter extension 16 of the water-mixing section
1. An oil riser conduit 17 connects the extension 16
with the caustic-mixing section 2. ‘The water-oil inter-
face is maintained in the extension 16 at a level below
the riser 17. - Riser 17 can be provided with a valve 18
for adjusting the oil flow rate through the riser. By ad-
justing the oil flow rate it is possible to maintain the
proper level of the oil-water interface in the extension
16. Preferably, the riser 17 extends into the caustic-
mixing section 2, as shown in Figure 2, and has an up-
turned, perforated end 19. This structure makes possi-
ble the proper dispersion of the upflowing oil phase,
thereby insuring efficient contacting with the downﬂowing
caustic solution.

The apparatus which I have described is used in my
process for separating the constituents of a water-oil emul-
sion having solid fines dispersed therein.
my separation process in connection with the separation
of a particular mixture of this type, namely the condensed
reactor effluent from the hydrocarbon synthesis known as
the Fischer-Tropsch process. However, it should be un-
derstoed that my process may be applied to any other mix-
ture similar in composition to this reactor effluent.

‘When the Fischer-Tropsch process is carried out using a
fluidized catalyst, the reactor effluent is a gaseous mixture
of hydrocarbons, water, oxygenated organic compounds,
and suspended catalyst fines. T have discovered that the
constituents of this reactor effluent can best be separated
by at least partially condensing the gaseous mixture
and separating the uncondensed gases from the conden-
sate. The separation of uncondensed gases from the
condensate preferably is carried out in two steps. The
first separation is made at essentially the reaction pres-
sure of the synthesis process. The second separation
is made at low pressure so that the subsequent demulsi-
fication of emulsion in the condensate can be performed
in inexpensive equipment.

Usually a stratification of the condensate occurs with
the formation of three layers, an oil layer, an emulsion
layer, and a water layer. ‘These three layers are separated
as by decanting and the emulsion, containing dispersed
catalyst fines, is subjected to a separation process as de-
scribed below. If the emulsion separation apparatus of
the invention is serving a plurality of synthesis reactors,
the emulsion from the condensed effluent of these re-
actors is collected for charging to the apparatus. -

The charge liquid containing an emulsion of hydro-
carbons and water, together with oxygenated compounds
and catalyst fines, is charged to a water-mixing zone such
as the water-mixing section 1 of my separation vessel, via
charge inlet lines § and 5. In the water-mixing zone,
water in a large volume relative to the volume of water
in the charge emulsion is flowed downwardly. This is
accomplished by maintaining the water-mixing section
completely filled with liquid and continuously charging
water via water inlet lines 6 and 6’ while continuously
removing water via water and solids outlet line 7. Upon
the mixing of the charge emulsion with the relatively large
volume of water, the emulsion is at least partially broken.
The emulsion breaking is thought to be caused by the
dilution of water-soluble emulsion-stabilizing substances
which are present in the charge mixture.

The volume of water with which the emulsion must be

T will describe
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contacted to cause demulsification will depend upon fac--
tors such as the volume of water present in the emulsion’
and the proportional amounts of the water-soluble and
oil-soluble constituents of the emulsion, etc. Thus the
minimum amount of water which must be used will vary
with the specific composition of the emulsion to be treated.
However, in general it can be said that a volume of fresh
water which is at least about double the volume of water

_in the charge emulsion should be used in the process.

Of course, any dilution greater than this will give ex~
cellent results.

When the charge emulsion is 1ntroduced into the water-
mixing section it is obvious that the first increments of
charge contacting the fresh water will be greatly diluted.
However, assuming that no fresh water is being intro-
duced, the concentration of stabilizing substances in the
water-mixing section will steadily increase, approaching

~alimit equal to the concentration in the water of the charge
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emulsion. Thus, after a certain length of time there
would be no dilution effect in the water-mixing section.
Accordingly, before the concentration of the stabilizing
substances increases substantially in the water-mixing sec-
tion, the introduction of fresh water is started.

In my process, to obtain a concentration of the stabi-
lizing substances equal to about one-third the strength of
their concentration in the charge emulsion, a quantity of
water equal to at least about twice that contained in the
charge emulsion is introduced to the water-mixing sec-
tion simultaneously with the emulsion. This means that
the rate of flow of fresh water to the water-mixing section
should be about twice the rate of flow of water in the
charge emulsion in order to decrease the concentration of
stabilizing substances sufficiently to allow the emulsion to
break.

Upon breaking of the emulsion, the charge separates
into its oil and water phases and the oil phase, being the
less dense, rises upwardly in relation to the water phase.
This separation of immiscible substances due to their
differences in density will be referred to in the specifica-
tion and claims as “gravimetric separation.” The rate-
at which the substances separate or, in other words, the
linear velocity at which the oil rises relative to the water
will be referred to as the “rate of gravimetric separation.”

The proper balancing of flow rates in the process
causes an oil-water interface to appear at a level which
can be regulated by adjusting the flow rates. The oil-
water interface preferably is maintained at a high level
in the water-mixing section so that oil particles moving up-
wardly are counter-currently scrubbed with fresh water
moving downwardly.

The water-mixing section and the caustic-mixXing sec-
tion of my separation apparatus must each be maintained
completely filled with liquid so that the demulsified oil
phase will float upwardly and pass overhead from the
separation apparatus. The linear rate. of downward flow
of water in the water-mixing section 1 must be slower
than the linear rate of gravimetric separation of the oil and
water phases of the charge in order that the oil will rise
from the water-mixing zone and not to be carried down-
wardly: with the water, The same. principle applies to
the rate of downward flow of caustic solution in the
caustic-mixing - section. The proper balancing of these
rates of flow is accomplished by adjusting the flow

‘rates in the different inlet and outlet lines so as to cause

the oil to flow upwardly and overhead from the column
and the water and caustic to flow downwardly.

As shown in the drawing, I employ a water-mixing
section having. in relation to its particular volume a large
horizontal cross-sectional area. This makes it possible
for the water-mixing section to handle a large volume
flow rate of water and emulsion while also affording the
low linear flow rates which are necessary in order to
obtain separation of the water and oil phases of -the
charge. The height of the water-mixing section is con-

trolled by the fact that the- rising oil - must be
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subjected to & sufﬁcxently Jong period of countercurrent
scrubbing.

In ‘the simplest form of my process the oil rising from
the water-mixing zone carrying with it the oil-soluble
constituents .of the :charge, including :cil-soluble “acidic
substances, is withdrawn as product without further treat-
‘ment in the separation vessel described herein. The water
which flows downwardly in the water-mixing zone passes
into ‘a sedimentation pool not:shown in the drawing where
fines :are settled and the water is decanted. When the
process.is conducted in this manner the charge is separated
into three ‘parts, namely, hydrocarbons and oil-soluble
substances, water and water-sofuble substances, and cata-
tyst fines.

In another embediment of my process I separate the
charge into four parts. In such:case, the oil rising from
the water-mixing zone is subjected to a further treat-
ment in a caustic-mixing zone.
I take advantage of the fact that an aqueous caustic solu-

ticn such as .a dilute solution of sodium hydroxide has-

a demulsifying effect on residual emulsion carried from
the water-mixing zone with the oil and aiso reacts with
-acidic materials forming water-soluble salts that separate
from the cil. Thus, in this embodiment of my process

the oil rising from the water-mixing zone is flowed up- *

wardly into @ caustic-mixing zone and an aqueous solu-
tion of caustic is flowed downwardly- through the same
zone at a rate slower than the rate of gravimetric separation
-of the caustic selutien and the demulsified oil layer rising
therethrongh. - Qil is withdrawn from the top -of this
‘caustic-mixing zone while caustic solution and substances
reacted with the caustic are removed from ‘the bottom
.of the caustic- mlnmg zone.

The caustic-mixing section treats only a portlon of

the charge which enters the water-mixing section. Also
.the density. differential of the liquids in the caustic mix-
ing- section. (oil and aqueous caustic solution) is greater
than the density differential of the liquids in the water-
mixing section (emulsion and water), and hence the rate
of gravimetric separation is greater in the caustic-mixing
section. Therefore, its cross-sectional area can be cor-
respondingly smaller than that of the water-mixing sec-
tion while at the same time affording the desired low
linear velocities of the liquid. On the other hand, the
oil rising in the caustic section should be subjected to a
more efficient scrubbing action than the oil rising in the
water-mixing section since fairly intimate contact will
be required to effectively remove the acidic constituents.
Therefore, the caustic-mixing section preferably is of a
height sufficient for the caustic-oil interface to be main-
tained a distance above the oil inlet which will afford
the desired countercurrent scrubbing action.

An aqueous solution of caustic is charged via line §
to the caustic-mixing section 2 and is caused to flow
downwardly by withdrawal of caustic through caustic
outlet 10 located slightly above the caustic drawoff plate
3 and below the upper end of the riser conduit 4. The
oil which is immiscible with the aqueous caustic solution
flows upwardly in the caustic-mixing section which is
completely filled with liquid and preferably is at least
partly packed with an inert packing material such as
Raschig rings 13, the purpose of which is to provide
adequate contact surface so that all portions of the ris-
ing oil layer are contacted and scrubbed by the counter-
currently flowing caustic. Residual emulsion in the rising
oil is broken by the contact with caustic, and acidic ma-
terials rising with the oil react to form water-soluble
organic salts which flow downwardly with the caustic
solution. The downwardly flowing liquid collects on the
drawoff plate 3 from which it is withdrawn through caustic
outlet 10. The oil composed of hydrocarbons and non-
acidic oil-soluble materials floats upwardly through the
liquid-filled columr and passes out through oil outlet
11. Inthis way I obtain a separation of the reactor effluent
into four parts, namely, water and water-soluble materials,
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‘hydrocarbons -and oil:soluble ‘materials; acidic materials,
~and catalystfines.

A specific ‘example of ‘one ‘method -of :conducting my

‘process ‘on -a commercial ‘scale is'described below.

Example

The charge -emulsion is a typical condensed reactor
efftuent from a fluid catalyst Fischer-Tropsch process con-
taining hydrocarbons and water in the ratio of ‘dbout 1:4
barrels of water per barrel of hydrocarbons, about 110
pounds of oxygenated compounds per barrel of hydrocar-
‘bons, and about 0.3 pound of catalyst fines per barrel
of hydrocarbons. The oxygenated compounds are in two
classes, water-soluble. compounds and oilssolublé corm-
The water<soluble compounds are alcohols ‘siich
as methanol, ethanol, isopropanol, etc.; aldehydes such as
acetaldehyde,  propionaldehyde and butyrald‘ehyd‘e; ke-
tones such as acetone, methyl ethyl ‘ketone, etc.; and
acids such as acetic, propionic, butyric, ‘and valeric. The
oil-soluble oxygenated compounds are alcohols, alde-
hydes, ketones and acids of generally higher molecular
weight than the corresponding types of water-soluble oxy-
genated compounds. The ratio of water-soluble oxygen-
ated compounds fo oil-soluble oxygenated compounds is
about 2.6:1 by weight. This emulsion is charged by two
charge inlet lines to a separation vessel of the type illus-
trated in the drawing, The cylindrical water-mixing sec-
tion of said vessel is about 10 feet in diameéter and 10
feet in height. The caustic-mixing section is about 3
fect in diameter and 18 feet in height and is packed with
1-inch carbon Raschig rings through about 10 feet of
its height. At the start of the process, the water-mixing
section is completely filled with water and the caustic-
mixing section is completely filled with a  10- per cent
aqueous solution ‘of sedium hydroxide. The emulsion
and fresh water are charged to the water-mixing section
by ‘the charge and water inlets and water is withdrawn
from the ‘water-mixing section by the water outlet-at rates
which, for the water-mixing section -of the particular di-
mensions described, cause a downward flow of water.at a
linear rate slower than the linear rate of gravimetric
separation of the oil and water phases. The oil phase
therefore rises in the vessel. Since the charge inlet is
below -the level of the oil-water interface, each incre-
ment of the rising oil is thoroughly water-scrubbed as
it rises upwardly through the continuous water phase.
The proper emulsion charge rate for this particular water-
mixing section is 170 gallons per minute via each charge
inlet or a total of 340 gallons per minute. Since the
emulsion contains about 200 gallons of water per 340
gallons, the fresh water is charged to the water-mixing
section by two water inlet lines at a rate of about 400
gallons per minute each, or a total of 800 gallons per
minute, in order to dilute the emulsion in the proper
degree. In this particular example the emulsion is diluted
in the ratio of about 4 to 1. Water and water-soluble
substances are withdrawn from the bottom of the water-
mixing section together with catalyst fines and pass to a
sedimentation vessel at a rate equal to the total of the
water inlet rates, or 1000 gallons per minute plus the
rate of introduction of water-soluble substances in the
charge emulsion. ~Oil rising from the water-mixing sec-
tion enters the caustic-mixing section via the oil riser
conduit at a rate of 140 gallons per minute plus 100
pounds per minute of oil-soluble oxygenated compounds.
A 10 per cent sodium hydroxide solution is charged to
the caustic-mixing section at a rate of about 100 gallons
per minute and is withdrawn by the caustic outlet at a
rate of about 100 gallons per minute together with or-
ganic salts formed by the reaction of the caustic with
100 pounds per minute of oil-soluble acidic materials.
The oil product containing hydrocarbons and non-acidic,
oil-soluble oxygenated compounds is withdrawn overhead
from the caustic-mixing section at a rate of about 140
gallons per minute.
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From the foregoing description it can be seen that
my invention provides a method and apparatus for con-
tinuously separating the constituents of a water-oil emul-
sion having acidic materials and solid fines therein. The
invention is particularly adapted for the separation of the
product from a Fischer-Tropsch fluid catalyst process and

. can handle the product from- a plurality of reactors so
that great savings in equipment are obtained over the
previously proposed processes for separating such. prod-
uct. While particularly adapted for the separation of
the Fischer-Tropsch reaction product, my invention is
also applicable to the separation of any mixture having
the characteristics of such a product, i. e., a mixture con-
taining an emulsion of water-soluble and oil-soluble ma-
terials together with solid fines which tend to stabilize the
emulsion.

Obviously many modifications of the invention as here-
inbefore set forth may be made without departing from
the spirit and scope thereof, and therefore only such
limitations should be imposed as are indicated in the
appended claims.

I claim: -

1. A method of separating the constituents of the gas-
eous reactor effluent from a fluidized catalyst. Fischer-

Tropsch type hydrocarbon synthesis which comprises at 2

least partially condensing said gaseous reactor effluent,
separating uncondensed gases from the condensate, ob-
taining from said condensate a water-oil emulsion hav-
ing catalyst fines heavier than water dispersed therein,
charging such emulsion to a water-mixing zone, flowing
a relatively large volume of water downwardly through
said water-mixing zone at a linear rate slower than
the linear rate of gravimetric separation of the water
and oil phases of said emulsion on the resolving of said
emulsion, whereby said emulsion is broken with the oil
phase rising upwardly and the fines flowing downwardly
with the water, withdrawing fines and water from the
bottom of said water-mixing zone, and withdrawing oil
rising through said water-mixing zone from the top of
said zone.
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2. A method of separating the constituents of the
gaseous reactor effluent from a fluidized catalyst Fischer-
Tropsch type hydrocarbon synthesis which comprises at
least partially condensing said gaseous reactor effluent,
separating uncondensed gases from ‘the condensate, ob-
taining from said condensate a water-oil emulsion hav-
ing catalyst fines heavier thar water dispersed therein,
charging such emulsion ‘to a water-mixing zone; flowing
a relatively large volume of water downwardly through
said water-mixing zone at a linear rate slower than the
linear rate of gravimetric separation of the water and
oil phases of said emulsion on ‘the resolving of said
emulsion, whereby said emulsion is broken with the oil
phase rising upwardly into a caustic-mixing zone and the
fines flowing downwardly with the water, withdrawing
fines and water fromthe bottom of said water-mixing
zone, flowing an aqueous caustic solution downwardly
through said caustic-mixing zone at a linear rate slower
than the linear rate of gravimetric separation of said
agqueous caustic solution and the demulsified oil phase
rising therethrough, withdrawing oil rising through said
caustic-mixing zone from the top of said zone and with-
drawing caustic ‘solution and substances- reacted there-
with from the bottom of said caustic-mixing zone.
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